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Introduction
Alternative male reproductive tactics have been described in a number of vertebrate taxa. Such an intraspecific polymorphism can be based either on frequency dependent selection resulting in alternative tactics that yield the same fitness (Shuster and Wade 1991), or on individuals with low competitive status making the "best of a bad job" (based on status dependent selection; Thornhill 1981; Koprowski 2008 , Gross 1996 , Taborsky et al. 2008 . Within social vertebrates, tactics employed might include being a dominant territorial breeder, satellite, roamer or a helper (e.g. Reyer et al. 1986 , Taborsky et al. 2008 Young et al. 2007 , Scantlebury et al. 2008 ) and depend on the individual's assessment of the relative inclusive fitness gains given their current environmental, social, physical and physiological status (Clutton-Brock 1989) .
Whilst some attention has been given to the ultimate (evolutionary) significance of alternative reproductive tactics (e.g. Sinervo et al. 2000, Tomkins and Brown 2004) , less is known about the proximate (e.g. physiological) factors underlying these tactics (Gross 1996; Oliverira et al. 2008 ). Differences in display or fighting behavior may require substantial differences in energy investment between individuals following alternative tactics (e.g. Kenagy et al. 1989 , Boonstra et al. 2001 . In several bird species, the most dominant and/or sexually active individuals generally incur the greatest energy costs (reflected in elevated resting metabolic rates, RMRs; Högstad 1987 , Buchanan et al. 2001 ) and the highest circulating testosterone levels (Evans et al. 2000) . These relationships are presumed to occur because reproductive superiority may necessitate increased "agonistic interactions with high overall activity levels that act to increase energy expenditures and the need for food" (Vézina and Thomas 2000, page 231 ). In mammals, there is convincing evidence that physiology and energetics play a dominant role in alternative tactics (Koprowski 2008) . For example, Damaraland mole-rats pursue 5 either infrequent worker or frequent worker tactics as determined by their level of energy expenditure (Scantlebury et al. 2006a ).
Steroid hormones are expected to contribute to the regulation of alternative male reproductive tactics as the nature of both avian and mammalian breeding systems is proximately regulated by temporal patterns of androgen secretion (Wingfield et al 1990) . Androgens may increase male aggression, mate attraction, and the frequency of mate searching and copulation, but negatively affect parental care (Wingfield et al. 1990 ). Dominant breeders typically have higher testosterone levels than sneakers or satellites (Moore 1991 , Moore et al. 1998 , Sinervo et al. 2000 , Wikelsky et al. 2004 , Oliveira et al. 2005 , Knapp and Neff 2007 . Most studies show synchronous increase of energy expenditure and testosterone level (e.g. Buchanan et al. 2001) , suggesting that increased reproductive activity is energetically costly (Gittleman and Thompson 1988) .
In comparison, glucocorticoids influence reproductive behavior by regulating the availability of energy by influencing glucogenesis, fat and protein metabolism (Reeder and Kramer 2005) . These metabolic processes are reliable indicators of energetically demanding, stressful situations (Romero 2002, Reeder and Kramer 2005) , but their influence on alternative reproductive behaviors and RMR remain unresolved (Buttemer et al. 1991) . One suggestion is that in group living animals, dominant individuals suppress the reproduction of subordinates by inducing chronic stress, resulting in sustained high levels of glucocorticoids in the subordinates: the "physiological castration" hypothesis (Reyer et al. 1986. Wingfield and Sapolsky 2003) . However, it is not always the lower ranking or subordinate individuals that have the highest glucocorticoid levels, since the secretion of these hormones depends on whether high stress levels are a consequence of subordinate rank or a cost of dominance (Creel 2001 , Romero 2002 ).
6 Moore (1991) proposed the relative plasticity hypothesis to explain the proximate regulation of alternative male reproductive tactics. According to this hypothesis, organizational (non-reversible) hormonal effects are expected to occur during early development when different tactics are fixed and yield the same average fitness. In contrast, activational (reversible) effects may occur in adults when different tactics yield different fitness payoffs, indicating a conditional strategy (Moore et al. 1998 ). In all fish and reptile species studied to-date, dominant males show the highest level of aggression and the highest androgens levels (Moore 1991 , Moore et al. 1998 , Sinervo et al. 2000 , Wikelsky et al. 2004 , Oliveira et al. 2005 , Knapp and Neff 2007 . In some group living mammals, however, dominant males engage in amicable behaviors in which they court females by grooming them, sitting in body contact or providing them with food (Kutsakake and Clutton-Brock 2006; Schradin and Anzenberger 2003; Stopka and Graciasova 2001) . This strategy might potentially be in conflict with aggressive high-testosterone behaviors, suggesting a tradeoff between aggression and amicability in dominant group-living males. Concerning corticosterone, Moore (1998) predicted that stress might play an important role when one tactic is inferior to another, but not when different tactics yield identical fitness payoffs. Consequently, corticosterone levels will be increased in individuals that follow a "best of a bad job" tactic (Koprowski 2008 ).
In the Succulent Karoo, African striped mice (Rhabdomys pumilio) typically form extended family groups with one breeding male, up to four breeding females and several adult philopatric males and females that do not breed in the group (Schradin and Pillay, 2004) . Groups can contain up to 30 adult individuals of both sexes (Schradin and Pillay 2004) . Striped mouse males follow one of three tactics: (i) group-living philopatrics, (ii) solitary living roamers that are thought to sneak copulations from females of communal groups which are defended by (iii) group-living amicable 7 territorial breeders (Schradin 2004 , Schradin and Pillay 2003 , 2004b , 2005b . Males of all three tactics are thought to seek copulations with females, and preliminary results of genetic paternity analysis support that expectation, with the majority of offspring sired by territorial males (Schradin and Lindholm, unpubl. data) .
The three male tactics differ in care-giving behavior, with territorial breeders showing a high degree of paternal care (Schradin and Pillay 2003) , philopatrics a corresponding degree of allo-parental care (Schradin and Pillay 2004b) , and roamers not engaging in any parental care (Schradin and Pillay 2005b) . Territorial breeders initiate more amicable behaviors than other group members, and philopatrics often engage in amicable interactions, such as allo-grooming or sitting in body contact (Schradin and Pillay 2004b In the current study, we explored the following questions and predictions in a species exhibiting two group-living and one solitary-living tactic: (i) Is the observed behavioral polymorphism in male striped mice based on status dependent selection (Gross 1996) ? To answer this question we documented the reproductive tactics of individual males over the course of several breeding seasons. Thus, we aimed to quantify whether and how often males switched between tactics and whether switching was correlated with body mass, an indicator of competitive ability (Schradin 2004). (ii) Circulating testosterone should differ between the alternative tactics, with lowest levels 8 observed in philopatrics. If dominance status mainly depends on testosterone, territorial breeders will have the highest levels. If, however, high testosterone conflicts with amicable behavior, roamers are expected to have the highest levels. (iii) Corticosterone levels will be highest in philopatric males, which follow a best of a bad job tactic. They are expected to experience physiological stress as a consequence of being subdominant and due to high costs of dispersal forcing them to remain natal (Schradin 2005) . (iv) RMR will be highest in territorial breeders, which are sexually active and defend a territory containing a group of communally breeding females. (Cowling et al. 1999) . 
Materials and Methods

Study area and period
Study species
Determination of male tactics
Male striped mice may become sexually mature at 4-6 weeks of age, with a body mass of 20-30g (Brooks 1982) . In our study, only males with a body mass above 30g and which were older than six weeks were considered. Male strategies were determined by a combination of trapping, behavioral observations and radio-tracking. Trapping was done around nesting sites at least three days per month as described in Schradin and Pillay (2004b) . Trapped mice were weighed and sexed; males were recorded as scrotal (testes descended) or not (testes inside the body); and all mice were permanently marked with ear tags (National Band and Tag Co., USA) and hair dye (Rapido, Pinetown, South Africa) for individual recognition during behavioral observations (described in detail in Schradin and Pillay 2004b) .
Home range sizes of 10 philopatric males, 39 territorial breeding males and 31 roaming males were collected during the six breeding seasons for the years 2002 through 2007 during the months September to November. All radio-tracked males were scrotal. Individuals were equipped with MD-2C radio transmitters (Holohil, Canada) and radio-tracked as described elsewhere (Schradin and Pillay 2005b) to determine home ranges and sleeping sites. Home ranges where determined as 95% minimum convex polygons in the program Ranges VI for best comparison with previous studies (Schradin and Pillay 2004b, Schradin and Pillay 2005b) .
We classified males as philopatric if they had previously been trapped as juveniles (<30g) and were observed during the study as adults at the same group.
Roaming males were classified as adult males that did not share nesting sites with any 10 other mice. Territorial breeding males were adult males that lived in groups other than their natal group. The latter were always the heaviest males of the groups (see results), and each communal group had only one territorial breeding male (see results).
Blood collection
Blood samples for this study were collected during the 2005, 2006 and 2007 breeding seasons during the months August to November. Mice were trapped at their nests during the morning shortly after they became active, controlling for possible circadian rhythms of hormone release. Traps were watched from a distance of 10m. As soon as a male entered a trap, it was removed, anaesthetized with diethyl ether (validated in Schradin 2008b), a blood sample was taken from the retro-orbital sinus (without any damage to the eye; Schradin and Pillay 2004a) , and the body mass, ID and whether or not the male was scrotal were noted. Using this protocol, samples could be collected within 1.5 -3min after a mouse entered a trap, which did not influence basal corticosterone levels (see results). Additional traps were set at a second nest and striped mice were sampled 45min later, which meant that individuals would have spent up to 45min in the traps before being sampled. This was done to obtain further samples for testosterone (but not corticosterone) measurements; testosterone values are not influenced by this trapping procedure (Schradin 2008b and results of this study). Blood samples were left at room temperature for 1.5 hours (indoor temperatures below 20º C) to clot and then centrifuged for 10min to obtain serum for analysis.
Hormone assays
All samples were analyzed in the EIA laboratory of the Zoological Institute, University of Zurich. Commercial kits from IBL Hamburg were used for corticosterone and 11 testosterone. We followed the procedures listed in the manuals of the kits, but due to very high corticosterone levels, samples were diluted 1:50 or 1:100. In some cases, the available sample volume for testosterone measurements was too small and had to be diluted 1:1 with the zero standard. Inter-and intra-assay variability was measured with pools from striped mouse serum left over from samples used for this study. Three pools were used to determine inter-assay variability for testosterone (pool 1: 12.8%, N=7; pool 2: 19.1%, N=4; pool 3: 7.3%, N=4), and two of them also for intra-assay variability (pool 1: 9.9%, N=8; pool 2: 6.9%, N=8). Two pools were used to determine inter-assay variability for corticosterone (pool 1: 15.8%, N=12; pool 2: 14.4%, N=12) and one of these pools was used to determine intra-assay variability (pool 1: 8.0%, N=8).
Resting metabolic rate (RMR) measurements
In October 2006, we determined RMR of 7 philopatric males, 10 roaming males and 10 territorial breeding males. No blood samples were taken from these males on the days when RMR measurements were taken to avoid an influence of stress on RMR. RMR was determined as the minimal oxygen consumption (ml O 2 /h), as described in detail by Scantlebury et al. (2006b) . In brief, we used an open circuit respirometry system with a 1610 cm 3 metabolic chamber set at 31.0 ± 0.5 o C, which is within the thermoneutral zone of this species (Scantlebury et al. 2006b ). Dried air was pumped into the chamber at a rate of 500ml/min and depressions in oxygen concentration were 0.25-0.4 %.
Readings were taken every 30 seconds for 20 minutes after an initial hour when animals were accustomed to the chamber (Bennett et al. 1992) . The mean of the lowest 10 readings of oxygen consumption (ml O 2 /h) was taken as RMR when animals were seen to be at rest.
Data analysis and statistics
The software packages Instat 3.05 and SAS 9.1.3 were used. Data are presented as mean + SD. Correlations were done using Spearman correlations coefficient r s . General linear mixed models (GLMM) were fitted to normal data using REML (SAS, proc MIXED).
In all GLMMs, residuals were accepted as being normally distributed when ShapiroWilk statistics yielded p>0.05. Error degrees of freedom (df) were calculated using the
Satterthwaite method. Effects were tested using type III (simultaneous) modeling, i.e. in multiple effects models parameters for each independent variable were corrected for all other fixed effects in the model. Differences between the least square means (function LSMEANS in SAS) of multiple categories were compared posthoc using t-tests and all
p-values stated are given after a Tukey-Kramer adjustment for multiple comparisons. , we determined its current, previous and next tactic (see methods above). This could not be determined for every male, as many philopatrics disappeared (either due to mortality or dispersal; Tab. 1), and several roaming and territorial breeding males immigrated into the study area from elsewhere, so that we did not know their previous tactic. For each male, its month of birth was estimated from body mass at the first trapping event, using a population specific growth curve available from 7 years of field studies (C. Schradin, unpubl) .
For comparison between body mass and age of males using the three different tactics, we used data collected during the first month of the breeding seasons. Body mass and age were compared between the three tactics at the start of the [2005] [2006] [2007] breeding season using two GLMMs with year as a random effect. Age data were logtransformed to meet the criterion of a normal distribution. The tactic for each male was determined every month. If a male switched from the tactic it had followed at the start 13 of the breeding season to another tactic, we compared its age and body mass in the month when it changed tactic with its original age and body mass at the beginning of the breeding season.
Home range data were analyzed using a GLMM, in which the observed tactic (philopatric, roamer or territorial breeder) was a fixed effect and year a random effect.
Home range data were log transformed before analysis to meet the criterion of normality.
To explain corticosterone and testosterone levels, GLMMs were fitted to the data set. Tactic, whether or not males were scrotal, whether or not males carried a transmitter and whether traps were watched (and checked immediately) or checked 45min after they were set (only for testosterone) were entered as fixed categorical effects into the model.
The time it took to take the blood sample (in seconds), body mass (in g) and age (in months) were entered as covariates into the model. Year was included as random factor.
Hormone data were log-transformed before analysis. The current data include samples used for another study (Schradin 2008b) Males of the three tactics differed significantly in age at the beginning of the breeding season (F 2,106 =27.30, p<0.0001). Philopatric males (3.9 + 1.9 months) were significantly younger than both roaming males (8.4 + 2.9 months; t 107 =-5.14, p<=0.0001) and territorial breeding males (10.4 + 2.7 months, t 107 =-7.20, p<0.0001).
Roaming males did not differ significantly from territorial breeding males (t 105 =2.04, p=0.11).
A GLMM with tactic as the response variable could not determine whether age or body mass was more important in predicting the tactic, as both were significant (body 
Tactic switching
We never observed juveniles becoming roamers or territorial breeders without first becoming adult philopatrics (Tab. 1). Philopatric males either disappeared (49%; presumably due to predation or by emigrating into areas outside the study area), or became a roamer (23%) or a territorial breeder (28%; Tab. 1). Roamers either disappeared (63%) or became territorial breeders (37%; Tab. 1). All territorial breeders (100%) disappeared without being observed to change their tactic (Tab. 1), although two territorial breeders changed groups before disappearing.
Males switching from philopatric to roamer were significantly lighter than males changing from philopatric to territorial breeder (48.1 + 7.7 g versus 59.5 + 6.6 g; t 66 =5.99, p<0.001). Philopatric males that became roamers were significantly lighter than roaming males that became territorial breeders (48.1 + 7.7 g versus 60.9 + 5.2 g; t 66 =-5.88, p<0.0001). However, philopatric males that became territorial breeders did not differ in body mass from roaming males that became territorial breeders (59.5 + 6.6 g versus 60.9 + 5.2 g; t 66 =-0.61, p=0.82).
Males differed significantly in age when switching from one tactic to another, depending on their previous and subsequent tactic (F 2,63 =19.45, p<0.0001). Philopatric males that became roamers were significantly younger than philopatric males that became territorial breeders (7.4 + 2.6 months versus 10.1 + 1.7 months; t 63 =4.34, p<0.0002). Philopatric males that became roamers were significantly younger than roaming males that became territorial breeders (7.4 + 2.6 months versus 11.8 + 2.4 months; t 63 =-5.67, p<0.0001). However, philopatric males that became territorial breeders did not differ from roaming males that became territorial breeders (10.1 + 1.7 months versus 11.8 + 2.4 months; t 63 =-1.99, p=0.12).
Hormonal differences between male tactics
Non-scrotal philopatrics (N=38) did not differ significantly in testosterone levels (0.46 + 0.3 ng/ml) from scrotal philopatrics (0.40 + 0.3 ng/ml, N=23; t 59 =0.68, p=0.50). Fig. 3b ).
Resting metabolic rate
Mean absolute values of RMR for philopatrics, roamers and territorial breeders were 45.7 ±8.8 kJ/day, 49.5 ±8.6 kJ/day, and 75.5 ±15.0 kJ/day. There were significant differences in RMR between males following different tactics (ANCOVA, F 2,23 = 10.26, p = 0.001). However, there was no significant interaction between body mass and tactic (breeder/roamer/philopatric) on RMR (ANCOVA, F 2,21 = 0.14, p = 0.87), suggesting that the relationship between RMR and body mass was similar for all males. Post hoc tests revealed that there was no significant difference in RMR between territorial breeders and philopatric males, but that roamers had significantly lower RMR than both 18 territorial breeders (p<0.01) and philopatric males (p<0.05; Fig. 4 ). The least squares fitted regressions for RMR against body mass were:
Territorial breeders: RMR (kJ/day) = 1.9 + 1.22 x body mass (g) RMR and hormonal data were available for five territorial breeders and four roamers (but no philopatrics). There was no significant positive correlation between RMR and corticosterone (r s =-0.67, N=8, p=0.08) or between RMR and testosterone (r s =0.17, N=9, p=0.68).
Discussion
Male striped mice in the Succulent Karoo begin adult life as a philopatric and can later switch to being a roamer or a territorial breeder. Tactic change depends on their body mass, which in turn correlates with their success in territorial encounters (Schradin 2004) . Different tactics are associated with differences in steroid hormone levels ( Fig.   5 ), which is in accordance with the relative plasticity hypothesis proposed by Moore (1991) . However, in contrast to previous studies on fish and reptiles (e.g. Wikelsky et al. 2004 , Oliveira et al. 2005 , it is not the large dominant males that have the highest testosterone levels, but solitary roaming males, suggesting that testosterone levels do not depend entirely on status but also on the social tactic employed.
A conditional strategy with three tactics
Male striped mice follow a conditional strategy, which means that adults can change their tactic depending on their status (Gross 1996) . Status depends on body mass which to some extent correlates positively with age during the breeding season, but also decreases with age in the dry season: Schradin and Pillay 2005a). The competitive and social status is likely to be maintained by aggressive interactions as heavier individuals are more likely to attack lighter individuals than vice versa (Schradin 2004 ). Young males of low body mass remain philopatric in their natal group. With increasing body mass, they change to either a roamer or a territorial breeder, with the switch to territorial breeders occurring at a higher body mass than that to a roamer. Roamers occur only during the breeding season, but not during the non-breeding season, where they either disappear or become group living by associating with a single breeding female and her philopatric offspring (C. Schradin, unpubl. data) . During the non-breeding season, philopatrics never become solitary roamers but benefit from group living (Scantlebury et al. 2006b; Schradin 2005) . Thus, the body mass of philopatrics at the start of the breeding season (and not during the dry non-breeding season) predicts whether they remain philopatric, switch to roaming or switch to becoming a territorial breeder.
Mice were never observed to revert to roaming once attaining a territorial breeding status although on two occasions breeders switched their groups. Theoretically, it may pay to revert to roaming if the fitness payoffs were greater (e.g. if number of breeding females in a group decreases by predation). A short breeding season (2-3 months) and low mortality (Schradin and Pillay 2005a ) might make such a scenario unlikely. When male striped mice in grassland populations reach adulthood, they become roamers without first being adult philopatrics, and territorial breeders do not 20 occur in this population (Perrin 1980; Schradin 2005; Schradin and Pillay 2005b; Fig. 5 ). In grasslands, striped mice live solitarily, and solitary breeding females are visited by roaming males (Schradin 2005) . Thus, the tactic "philopatric" is not obligate for male striped mice.
Territorial breeding males defend their harem from other males while roamers seem to follow a sneaker tactic. Philopatric males might also gain mating opportunities, as described for other species with subdominant male helpers ( 
Differences in hormone levels and the relative plasticity hypothesis
Our results are in agreement with the relative plasticity hypothesis (see Fig. 5 ), which states that changes in behavioral phenotypes during adulthood are regulated by hormones (Moore et al. 1998) . It is known that in species with alternative male reproductive tactics, the dominant males are most aggressive and have the highest androgen levels (Knapp and Neff 2007; Moore et al. 1998; Oliveira et al. 2008; Oliveira et al. 2005; Wikelski et al. 2004 ). However, in sociable species, high testosterone levels might not be compatible with high levels of amicable behavior (Wingfield et al. 1990 ).
Thus, a tradeoff between amicable and dominance behavior, both part of the tactic of the territorial breeders, was predicted to be represented by intermediate testosterone levels.
Territorial breeders with the highest competitive status have three times higher 21 testosterone levels than philopatrics with the lowest status. However, territorial breeders have testosterone levels only half as high as those of roamers, which have a lower status than territorial breeders. This supports our hypothesis that testosterone levels of territorial breeders but not of solitary living roamers reflect a tradeoff between aggressive and amicable behaviors.
Why do roamers have the highest testosterone levels? Roamers might benefit from the anxiolytic (fear reducing) effect of high testosterone levels (Aikey et al. 2002; Vermeersch et al. 2008) . Roamers have ten times larger home ranges than philopatrics and more than three times larger home ranges than territorial breeders, overlapping the home ranges of several groups. Roamer males invade the home ranges of several female groups defended by heavier breeding males and even by smaller philopatric males (Schradin 2004) . If roamers engage more often in aggressive male-male interactions, their high testosterone levels could also be explained by the challenge hypothesis, which predicts testosterone levels to increase as a result of aggressive interactions between males (Wingfield et al. 1990 ). However, this is unlikely in our case, as males were trapped during the morning shortly after they left their nest and thus probably before interactions with other mice had occurred. Therefore, differences in testosterone levels might be explained by differences in the social tactic, differences in care giving behavior, reproductive suppression in philopatrics and risk prone behavior in roamers.
Corticosterone levels, on the other hand, are seven times higher in philopatrics than in territorial breeders or roamers. This suggests that philopatric males are physiologically stressed, which could be one reason for their low testosterone levels (Creel 2001; Young et al. 2006 , Scantlebury et al. 2008 . Chronically increased glucocorticoid levels indicate allostatic load, i.e. physiological costs due to an over activation of the neuroendocrine stress response (McEwen 1999) . Strategies to cope 22 with this would be to down regulate glucocorticoid receptors or to behaviorally avoid the situation leading to chronically increased glucocorticoid levels. This supports our interpretation that being a philopatric male is "making the best of a bad job" (Moore et al. 1998) . As a consequence, philopatric males should leave their natal group as soon as another tactic becomes more appropriate for them, i.e. when costs of dispersing to become a roamer or territorial breeder are lower than costs of remaining philopatric. It is likely that philopatric males would become territorial breeders if free territories were available (Schradin 2005) . Importantly, about 75% of philopatric males at the start of the breeding season were scrotal and thus probably physiologically able to breed, despite their low testosterone levels. In captivity, adult males kept in their family groups have low testosterone levels but can breed immediately when paired with an unfamiliar female and have viable sperm, though much less than breeders (Schradin, unpubl. data) 
Differences in RMR
In support of our prediction, territorial breeders have the highest absolute RMR values, but this was only because they are the largest individuals. When body mass is taken into account, breeders have similar RMR values to philopatric males whereas roamers have lower values than either breeders or philopatric males. Interestingly, the relationship between RMR and corticosterone level marginally failed to reach significance (p = 0.08) with low RMR values tending to be associated with higher corticosterone levels. This is opposite to the prediction that high stress hormone levels cause high RMR. Whether or not this relationship is biologically relevant is unclear as the current sample size is low.
By comparison, no relationship between RMR and testosterone is evident. Thus, RMR values obtained in these mice are complex and more likely depend on a variety of factors. Elevated RMR values are often associated with a higher reproductive and social 23 status (Buchanan et al. 2001) , possibly as a consequence of mate searching and acquisition, as well as mating (Gittleman and Thompson 1988) . In our study, roamers
have lower values than both territorial breeders and philopatrics. This is consistent with our prediction that high RMR values should occur in territorial breeding males but raises the question of why values were similarly high in philopatrics. One possibility is a compensatory mechanism. In a recent study on the same population, energy expenditure was greater in individuals from smaller groups, probably due to thermoregulatory benefits of huddling in larger groups (Scantlebury et al. 2006b ). The implications of these results are that solitary roamers are expected to have larger thermoregulatory costs at night than group-living philopatrics or territorial breeders. If roamers do expend more energy at night, they might then need to reduce energy expenditure in other aspects of their energy budget -such as RMR. Evidence of such energy compensation has been shown in zebra finches Taeniopygia guttata and starlings Sturnus vulgaris (Deerenberg et al. 1998 ) as well as in laboratory mice (e.g. Hambly and Speakman 2005) . Hence, energy conservation due to huddling might enable both territorial breeders and philopatrics to sustain a higher RMR, allowing them to achieve a higher maximal rate of energy expenditure (Hammond and Diamond 1997, Speakman et al. 2004 ) -potentially advantageous in dealing with predator encounters and territorial disputes with conspecifics. Roamers might not be able to increase their RMR and thus obtain the associated benefits, because of their extra energy expenditure due to solitary sleeping.
Conclusions
Male striped mice following different reproductive tactics in a conditional strategy differ in steroid hormone levels (this study) and in peptide hormone levels (Schradin 2008a ). However, in contrast to the results of previous studies with other species, we 24 found that dominant males have lower testosterone levels than males of a lower status (roamers). This suggests a possible tradeoff between amicable and aggressive behaviors.
Corticosterone levels are almost an order of magnitude higher in philopatric males than in roamers or territorial breeders. This suggests that philopatrics are making the best of a bad job, being forced to remain philopatric due to high population density and that they would disperse when given the opportunity (Schradin 2005) . Surprisingly, RMR values are similar for territorial breeders and philopatric males, but lower in roamers. It is unclear why this is the case but some form of an energetic compensatory mechanism might be occurring because roamers are expected to have the highest thermoregulatory costs at night.
Tab. 1
Number of male striped mice that switched reproductive tactics at any time during the breeding season. ** 7 males that switched from philopatric to roamer to territorial breeder are included for all three tactics; 10 males switched from philopatric to roamer before disappearing and are included for both "philopatrics"
and "roamers"; 16 males that switched from philopatric to territorial breeder and then disappeared are 33 included for both "philopatrics" and "territorial breeders"; 6 males that switched from roamer to territorial breeder and then disappeared are included for both "roamers" and "territorial breeders".
Figure legends
Fig. 1
Home range sizes of philopatric, roaming and territorial breeding striped mouse males.
Mean + SD, sample sizes are provided above bars; *: p<0.05. ****: p<0.0001.
Fig. 2
Body mass of a) philopatric, roamer and territorial breeding males at the start of the breeding season, and b) when males switched tactic at any time during the breeding season. Mean + SD, sample sizes are provided above bars. n.s.: not significant; ***:p<0.001; ****: p<0.0001.
Fig. 3
Comparisons of steroid hormone levels between philopatric, roamer and territorial breeding males. a) Testosterone levels, b) basal corticosterone levels. Mean + SD, sample sizes are provided above bars. n.s.: not significant; *: p<0.05; **: p<0.01; ***:p<0.001.
Fig. 4
Relationship between resting metabolic rate (RMR, kJ/day) and body mass (g) of philopatric, roaming and territorial breeding males (open circles, closed triangles and closed circles, respectively).
Fig. 5
Alternative male reproductive tactics in striped mice and correlated physiological changes. Light grey: philopatrics; dark grey: roamers; black: territorial breeders; PRL: 35 prolactin; T: Testosterone; Cort: corticosterone; RMR: resting metabolic rate; ↓ decrease; ↑: increase; ↔: stays the same; ?: predicted change.
When reaching adulthood, male striped mice in the Succulent Karoo remain philopatric in their natal nest (top and middle arrows). Philopatrics can become roamers first (top arrow), which is associated with an increase in testosterone and a decrease in corticosterone and RMR, before becoming territorial breeders and experiencing an increase in prolactin (Schradin 2008a ) and RMR and a decrease in testosterone.
Philopatrics can also directly become territorial breeders (middle arrow), which is associated with a decrease in corticosterone and an increase in testosterone and prolactin (Schradin 2008a) . The situation in the grassland striped mouse population is provided for comparison (bottom arrow; Schradin and Pillay 2005b): males become and remain roamers, which is predicted to be associated with an increase in testosterone and a decrease in corticosterone and RMR.
